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National Drought Mitigation Center

|M\

Mission: To lessen societal vulnerability

to drought by promoting planning and the
{ adoption of appropriate risk management

1techniques. —




National Drought Mitigation Center

Established in 1995
Founder: Dr. Don Wilhite
Current Director: Dr. Mike Hayes

Evolved out of the International Drought
Information Center (IDIC)(late 1980’s)

Staff: 16 people, tremendous diversity

Bridge and translate science to policy{_/
decision makers, media, and the public

o Program Areas: Monitoring, Planning and
Social Science, GIScience
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o Operational tools, research, outreach, NIDIS
training e

o “Research to Operations to Applicationsto __ ... .
Education” End-to-End Continuum Nebiaska,

Lincoln
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NDMC Program Objectives

o Improve the science of drought
monitoring, planning, and mitigation

{ o Build awareness of drought and its impacts
on society and the environment, and how
human actions affect our vulnerability to
drought

Focus the attention of policy makers on the
importance of drought policy and planning
in the wise stewardship of natural resources

52

“"End-to-End”: Research-Applications-
Operations-Outreach Continuum working @E
w/ our users...
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NDMC International Activities

* UN organizations:
FAO, ISDR, and CCD
* World Meteorological
Organization (WMO)
« USAID
» Various regional and national
drought centers
* Numerous government agencies and
universities in different countries

Activities 2005-2011
Australia * Austria « Brazil - Cambodia * Canada * Chile * China * Czech Republic * Egypt * Ethiopia

* European Union * India -« Iraq * Italy * Japan « Jordan * Mali * Mexico * Morocco * Mozambique * Namibia
* Netherlands - Saudi Arabia « Slovakia * Slovenia * South Korea * Spain * Switzerland « Syria «
Tunisia * Turkey * United States * Vietnam *» Zambia



NDMC’s Monitoring Program Area
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Tools for Planning: NDMC and NIDIS

o Planning at all scales
o All droughts are “local”

o Planning should start local
and involve the "locals”™

o Planning is a “living”™

process




Approaches to Drought Assessment
\H““V'“V

o Single index or indicator
(parameter)

o Multiple indices or indicators
o Composite (or “hybrid”) Indicator

Long Term Palmer
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The U.S. Drought Monitor

Since 1999, NOAA (CPC, NCDC, WRCC), USDA, and
the NDMC have produced a weekly composite
drought map -- the U.S. Drought Monitor -- with input
from numerous federal and non-federal agencies

 Western Region Climate Center on board 2008
* 11 authors in all

 Incorporate relevant information and products
from all entities (and levels of government)
dealing with drought (RCC’s, SC’s, federal/state
agencies, etc.) (~350 experts)

August 3, 1999

Experimental U.S. Drought Monitor U.S. Drought Monitor  **!%2° m
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Objectives

o “Fujita-like” scale

NOT a forecast!

NOT a drought declaration!
Identify impacts (S, L)
Assessment of current conditions
Incorporate local expert input
Be as objective as possible At
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U.S. Drought Monitor Sevempeiis 2012
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U.S. Drought Monitor ©©20.2012
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U.S. Drought Monitor Map

Drought Intensity Categories

DO Abnormally Dry (30%tile)
D1 Drought — Moderate (20%tile)

D2 Drought — Severe (10%tile)
D3 Drought — Extreme (5%tile)

NIDIS
D4 Drought — Exceptional (zoﬁ)tllekleb“fﬁ%l%a

Lincoln




Percentiles and the U.S. Drought Monitor

o Advantages of percentiles:
o Can be applied to any parameter
o Can be used for any length of data record

o Puts drought in historical perspective

D4, Exceptional Drought: B  once per 50+ years
D3, Extreme Drought: B once per 20 to 50 years

D2, Severe Drought: once per 10 to 20 years

D1, Moderate Drought: once per 5 to 10 years  [T[I5

D0, Abnormally Dry: once per 3 to S years T
Nebiaska,
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negrates key U, S. Drought Monitor

Drought Indicators:
. Palmer Drought Index Waoter Year SPI Long-Te':;ITr:ertEJ;lllgggg(g‘ndilions

10/1/2006 — 4/18/2007
’ October 21, 2001 - October 27, 2001
- SPI ‘

«  KBDI

* Modeled Soil Moisture
 NLDAS

« 7-Day Avg. Streamflow

* Precipitation Anomalies

0
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Growing Season:

* Crop Moisture Index

« Sat. Veg. Health Index
* VegDRI/ESl/etc.

* Soil Moisture
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+ State/Regional
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SNOTEL Water Year Precipitation Percentiles
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USDM Listserve Subscribers
(as of August 10, 2012)

Al

. 1-5 participants -

6-10 participants

. 11+ participants
Total: 335 (does not include 1 participant from Canada)

incoln;

iion Center



USDM Listserve Subscribers
(as of August 10, 2012)

59,3% (10)
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What has happened since last
week?

o Comments from last week’s author
o Last week’s changes

2 Advance comments from experts

5 Rain/snow in D0-D4 areas?

2 No rain in DO-D4 areas...AND other

areas?
a Weighing Short-term vs. Long- NIDIS
term =

Nebiaska

Lincoln

NationN Drought Mitigation Center




Precipitation, Streamflow and
Other Indicators

o Typically look at the following suite
of products at 30-, 60-, and 90-
days, Year-to-date, Water Year-
to-date, growing season, 12-
months and 24 months (out to 60
months in the West).




Objective Blends

Objective Short-Term Drought Indicator Blend Percentiles
September 15, 2012

» Short-Term Blend

35% Palmer Z Index

25% 3-Month Precip.

20% 1-Month Precip.

13% CPC Soil Model

7% Palmer Drought
Index
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Climate
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Na‘ﬁonai Drought Mitigation Center

This map approximates Impacts that respond to precipitation over several days &
a few months, such as agriculture, topsoll moisture, unregulated streamflows, an
most aspects of wildfire danger. The relationship between Indicators and impact:
can vary significanmtly with location and season. Do not interpret this map too lnerally




Objective Blends

Objective Long-Term Drought Indicator Blend Percentiles
September 15, 2012

Long-Term Blend
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DROUGHT INDICATOR BLEND AND COMPONENT PERCENTILES -- September 10, 2011
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Percent of Normal Precipitation (%)
10/1/2011 - 2/7/2012
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August 28, 2012 Drought Monitor
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August 28, 2012 Drought Monitor & _
September 04, 2012 Streamflow Percentiles ]h&
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7-Day AHPS Precipitati();m‘t

As of: Tuesday, September 04, 2012
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7-Day USGS Streamflow Percentiles ‘
As of: Wednesday, May 30, 2012
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SAC LSM OUTPUT: CVIC LSM OUTPLUT:

OHD SAC — Current Total Coky Meistre Asemaly Prisceton VIC = Cuvent Tebdt Co Meshare Atonaly
bl W R ima) Ve OCT 05, 2012 (mm}




VIC Sol Magture Percenties (waet' 13162004
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NLDAS Top Im Soil Moisture
1

: As of: Wednesday, September 05, 2012
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Remote Sensing/Vegetation Health




2012 Vegetation Drought Response Index (VegDRI)
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The Importance of Local Expert Input

o The U.S. Drought Monitor Team Relies on Field
Observation Feedback from the Local Experts
for Impacts Information & “"Ground Trut

o Listserver (~350 Participants: 2/3 Federal,

1/3 State/Univ.)

« Local NWS &
USDA/NRCS
Offices

o State Climate
Offices

« State Drought
Task Forces

* Regional
Climate Centers

 NIDIS Basin
Webinars

~c .‘ - !l
Colorado Streamflow Forecast Map 0 NR(C -
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Regional and Local Products

Various webinars/telecons/reports
RCC's

SC’s

NIDIS Pilot DEWS:

o UCRB

o ACF
o CA next?

s NC, HI, TX, AZ, AL, FL e
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UCRB Weekly Drought Assessment

http:/ /www.drought.gov/portal/server.pt/ community/ucrb

(Green River Basin above Flaming Gorge

Colorado. Uteh and Wynming Month %5 Dete Precipteton
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Some Examples of Decision
Making Using the DM

(Science before Policy)

Policy: 2008 Farm Bill/Internal Revenue
Service/US Department of Agriculture
(FAS, NRCS)/NOAA National Weather
Service/Environmental Protection
Agency/State drought plan triggers

~3.5M+ page views and ~2M+ visitors/
year

Media: The Weather Channel/USA Todam
and all major newspapers/Internet
Media/ Network News/ CNN/NPR/ etc.

Presidential/Congressional briefings Lincoi
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The U.S. Drought Monitor:

Lessons Learned

Decision makers/policy makers want one product with
one value

o Scientists and resource managers want the details/options

o Annual feedback Forum’s around Canada, Mexico and the U.S.
USDM NOT based on decision making...decision making IS
based on USDM though!
Transparency

o Fostered trust and became credible slowly over time

Communication (has become U.S. State-of-the-science)
o Media/public/feedback forums/professional conferences/etc.

o Agency/State Drought Task Forces

o Expert list server (local participation and buy-in since Day 1)

Flexible....continues to adapt and evolve (new tools)
Composite/hybrid approach (innovative)
Has a built in “historical” component (ranking percentile m

approach) e
Blend of Objective (95%)/"Subjective” (5% ) works
o Eyes and ears on the ground })
o Sl%b{ectlve Local experts provide data, impacts, products to support/  Lincon’
refute

&)
Al

ational Drought Mitigation Center



Please visit the NDMC website for more
information: http://drought.unl.edu

Thanks!

Contact me at:

Mark Svoboda
402-472-8238
msvoboda2@unl.edu

®
Lincoln

[

nal ' Drought Mitigation Center



Satellite Remote Sensing of Drought
'The Traditional Approach

Normalized Difference Vegetation Index (NDVI)
data from satellite have been used for 20+ years for a

wide range of large-area environmental applications b ‘ By
including drought monitoring and early warning. ; \ :
The NDVI represents an indicator of the general e . S

state and condition of vegetation that is calculated  Geographic patierns of scasonal vegetation greenness

for the U.S. as observed from a time-series NOAA

from the mathematical transformation of 2 spectral =~ AVHRRNDVI data. (Animation produced by NOAA/
NESDIS).

bands (visible red and near-infrared [NIR]) commonly
available of global imagers such as AVHRR and MODIS.

Vegetation Condition Map
Period 28 June 28 - July 11, 2011

;7
[/

Development of other NDVI-based indices that have
been routinely used for drought monitoring including
the Vegetation Condition Index (VCI) and Vegetation
Health Index (VHI).

5
v L ‘.-.
National ¥ Drought Mitigation Center| 'i‘



Inputs into the USDM

Palmer Drought Index

Integrates Key

D rought Indic atO rs: Waoter Year SFI Long-Term (Meteorological) Conditions

October 21, 2001 - October 27, 2001

10/1/2006 — 4/18/2007

- Palmer Drought Index
- SPI

- KBDI

- Modeled Soil Moistur
- 7-Day Avg. Stream floy Until recently, remote

- Precipitation Anomalid sensing products have
had limited application

in the USDM.

Growing Season.

- Mesonet data

In The West:
- Reservoir levels

- Snmowpack (SNOTEL)

- SWE

- Stream flow

Percent of Useable Contents

- [
’ AZ CA CO ID Ml NV MM OR UT WA wy

8 16 70 16 2% 7 1330 23 7 13 !
Nu ed 2 )
Prepared by Resour ter and Climate Center, Portiand, OR

. L - ‘ National V Drought Mitigation Center
> »
s 1 4




New Directions ipi/ Satellite Remote Sensing of Drought

Since the late 1990’s, the capability to Remote Sensing Estimates of:
monitor and map key components of the

hydrological cycle have become possible
using satellite remote sensing because of:

1) the launch of many new sensors
collecting a wide array of Earth
observations,

2) improved computing capabilities, and

3) more advanced modeling and analysis
technlques . New Remote Sensing Instruments

M@DIS 42
[N & o

‘ ‘ \
3
) I um/s

7 T \ L5 510

,?/3 "
5
NationaIVDrought Mitigation Center|
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Vegetéltion ])/i'ought Response Index (VegDRI)

VegDRI is a new ‘hybrid’ drought index that integrates:
- satellite-based observations of vegetation conditions
- climate-based drought index data
- biophysical characteristics of the environment
to depict ‘drought-related’ vegetation stress.

2012 Vegetation Drought Response Index (VegDRI)
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1. Implement a drought severity classification scheme that was
easily interpretable (modified Palmer Drm,fght Severity Index
[PDSI] classification scheme). \ |
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%. (/Zoals of VegDRI

VegDRI
Indiana
September 3, 2012

Il &>treme Drougnt
- Severe Drought
I v oderate Drouaht
| | Precrougnt gress
[ I NearNormal

[ ] unusually Moist
[ very moist

B c:treme Moist

| Out of season

B ater

U.S. Drought Monitor
Indiana
September 4, 2012

2. Develop a tool with national-level monitoring capabilities that

provides local-scale information (i.e., county o sub-county level)
regarding the level of drought stress on Veget;(tion.

¥ ZUSGS @

National V Drought Mitigation Center” " science foraehanging world
- Wy, #

\0\‘\ PL4 2,




* Land Use/Land Cover Type

Historical Database

e PASG -+ 36-week SPI « Trrigation
¢ SOSA * self-calibrated PDSI * Soil Available Water Capacity
* Out of Season » Elevation

* 20-year historical record of observations (1989 — 2008) * Ecoregion
Step 3 \ll
Gridded image generation
of near real-time
Step 1

data inputs
(_ Training Data ) Step 2 \W—

Application of bi-weekly

Vegetation Drowght Response Index

Historical database Regression tree

development of 3 analysis model to near real-time
satellite, climate, and to develop bi-weekly gridded inputs for
biophysical data DRI model 1 g
Veg models (rules VegDRI map generation
extracted for 2,000+

weather station

\\ locations. y

Brown, J.F., B.D. Wardlow, T. Tadesse, M.J. Hayes, and B.C. Reed. 2008. The
vegetation drought response index (VegDRI): a new integrated approach for monitoring
drought stress in vegetation. GIScience and Remote Sensing 45(1):16-46.
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VegDRI Webpage http://veg(llri.uni.edu/

2011 Vegetation Drought Response Index (VegDRI)
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Annual VegDRI Change
Betweon Ady 28 2008 and Ay 27,
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VegDRI Statistics for California (Percent Area)

[Comeiute 3]

Complete Caldormia
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VegDRI Highlights for July 12th, 2010

ational VegDRI Products

o Weekly (MODIS) & bi-weekly
(AVHRR) production over the
continental U.S.

o 20+ year time series of maps dating
back to 1989

o Standard value-added products
* National, state, and sub-state maps
e Change maps
* Area statistics
* Descriptive map narrative
* Animations

USGS Interactive VegDRI Map Viewer

http://vegdri.cr.usgs.gov/viewer/viewer.htm
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U.S. Drought Monitor authors Arizona Drought Monitor Repo

Vegetation Health V-v“hn&ouf:‘:::num- » _,,
U.S. Drought Monitor  "Mach 18,200 :l,\\ﬁ =3
. il K ] ES
N A & It ’( s
A 7 A f =
P ke
GRS e
I

Intensity: Drought Impact Types.
[_] DO Abnormally Dry ~ Delineates dominant impa

[_] D1 Drought - Moderate A = Agriculturs
[ D2 Drought - Severe g
Ml D3 Drought - Extreme H = Hydrological (water)

M D4 Drought - Exceptional -
USDA P @) &
The Drought Monitor focuses on broad-scale conditions. - oo \&Y U
Local conditions may vary. See accompanying text summary
for forcast stafoments. Released Thursday, March 18, 2010 0 htWatch
AZ LoOUgnEVVatc

http://drought.unl.edu/dm

Author: Matthew Rosencrans, NOAA/NWS/NCEP/CPC _\‘* -
. {

Arvona’s Drought Impact Reparting System

National Weather Service Drought Reports New Mexico Drought Status Report

National Weather Service Weather Forecast O

Wy Wichita, Kansas petitexico Oreugit

S

CENTRAL, SOUTH CENTRAL AND SOUTHEAST KANSAS DROUGHT INFORMATION

—— - getation Drought Resp Index Jone 1. 2009
Vegetation Dreught Response it
- - s bt B OS2t o o P R S S S ammtons e e U8 Gape]
Resp Index March 8, 2010

9
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Infernational VegDRI Efforts

O

Canada™ — seamless U.S.-Canada coverage for North American Drought
Monitor

Czech Republic* — for Central Europe
Mexico*

Ethiopia and Great Horn of Africa
India

Argentina

O O O O O

* Efforts currently under way.

I VDroughtMltlgation er



Evaporative Str
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ALEXI
(GOES Sounder)

—
.

 Evaporative Stress Index (ESI)

ALEXI
(GOES Imager)

DisALEXI
(MODIS)

DisALEXI
{Landsat)

1,
23
i 3
3
“ Wetter

Nat\onalv Drought Miti

gation Center

nwounﬁog

euoiboy

ess Index (ESI)

DOQUOINM

ESI depicts ‘transpiration’ fluxes
from vegetation and ‘evaporative’ fluxes
from non-vegetated surfaces (e.g., soils)

using thermal observations from satellite in a
surface energy balance model.

ESI can be derived separately for the vegetation
canopy (ESI ) and soil surface (ESI) using the a
two-source modeling method.

ESI can be calculated from data from many
instruments to provide range of calculations
across multiple spatial and temporal scales

Minutes to Hourly: GOES- & Meteosat-derived
5- to 10-km ESI maps

Daily to weekly: MODIS-derived 1-km ESI maps
Bi-weekly (16-days): Landsat 60- and 120-m ESI maps

/l
Anderson, M.C., C. Hain, B. Wardlow, Al Pimstein, J.R. Mecikalski, and W.P. Kustas.
2011. Evaluation of a drought index based on thermal remote sensing of o’
evapotranspiration over the continental U.S. Journal of Climate 24:2025-2044.

A
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Suite of ESI Anomaly Products

o Weekly, 10-km maps over
continental U.S.

Evaporative Stress Index

1 menth composde endng Seplember 17, 2012

o Initial integration into the
USDM in 2011

o 12-year historical record of
ET-related anomaly products

(2000 to present)

I

Evaporative Stress Index ESI Change & \

3 menth composile ending Seplember 15, 2012 3 month composiie ending Seplember 15, 2

\ . :
~ Change products over different time
lﬁtervals (1, 2, and 3 months) to

capture shorter and longer-te/m

anges in conditions.

Standardized ESIchange anomalies

>420 20¢ 10 0 *10 >+20

Color scheme compatible with USDM.

- \ L

Mitigation Cente

ationayDrou ht
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GRACE Te}l"'restrial Water Storage (TWS)

Terrestrial Water Storage (TWS) is the vertical summation of :
1) surface water
2) snow
3) soil moisture
4) groundwater

v" Gravity data acquired by the GRACE (Gravity Recovery and Climate
Experiment) instrument is processed through Land Data Assimilation
System (LDAYS) to estimate water storage for each vertical layer

and downscale information to higher spatial resolution output.

S.‘m-\\at'\"“ GRACE + LDAS
GRACE TWS atd AS Modeled TWS

Zaitchik, B.F., M. Rodell, and R.H. Reichle,
2008: Assimilation of GRACE Terrestrial Water
Storage Data into a Land Surface Model: Results
for the Mississippi River Basin. J. Hydrometeor.,
9, 535-548.

3 3
X K 5L
, J . >
(‘-4\ % 2 - > L
"(_ s Nge
> L } —-200 —-120 -40 40 120 200 \ 200 -120 -40 40 120 200
TWS (mm) TWS (mm)
National ¥ Drought Mitigation Center . -

" Courtesy: Matt Rodell, NASA GSFC
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. GRACE TWS Products

Surface Soil Moisture Root Zone Soil Moisture Groundwater Storage
AN s ‘f?g{@j*.;;;:‘r . ,{r
! = ¢ 3 e ! ’ wiy
Y ; '“‘.' e * ““3 5 .‘o’ r s ."?J’k {{," ‘ ‘_%
. e U ! = ' \4.& . fs w-ik' 3 : 1 -._‘f‘;&).
g Dy 2 i PR
1 ' . : 7 3
V',,\V‘_ i‘i- RE ’ "._\ [ ¥ 4 -,
S / =L 24 4
"\ ‘\1 ke i'\ W ,*AJ L “{n
‘v\:/ \ \‘;‘J/ .\.‘
Percentiles
[ —
*5 1|0 290 3[0 . 7[0 BIO 90 95 98 ]anuary 14’ 2011
Units

http://drought.unl.edu/MonitoringTools/NASAGRACEDataAssimilation.aspx

o Weekly TWS products are produced at a nominal spatial resolution
of ~4 degrees for moisture conditions at different depths of the
Earth’s surface and sub-subsurface including:

- surface soil moisture
- root zone soil moisture
- groundwater /

Nat\onalv Drought Miti

i

gation Center

e
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v" Soil moisture changes (SMC)
estimated using backscatter data
acquired from NASA’s QuikSCAT
and AMSR-E instruments.

QSCAT Soil Misture Change (upper 5 cm)
v' Experimental SMC products for the continental U.S.

SMC Product Characteristics:
- Nominal spatial resolution of 25-km

- Weekly updates of maps
v' PI: Son Nghiem (JPL)

JPLE

<




y . SRR -, _

- ~
w \ / Vl/ —.-
ot . \

Soil Moisture Change, 7 Day Average, 2009-Nov-16 to Nov-22

3 & 2009-Nov-17 Drought Monitor
: Experimental Product by NASA/JPL; CalTech: NOAAESRLPSD; CUCIRES CDC
From QuikSCAT satellite aclive ragar dB packscatter difference

Localized positive
SMC associated
with locally heavy

snowfall event r-\‘
(8-10 inches). b
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L
___ Estimated Soil Moisture Change, 8 Day Average, 2008-Oct-14 to Oct-21
N rerr— & 2008-Oct-14 Drought Monitor
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/Future Prospects

o Soil Moisture Active Passive (SMAP)
- high spatial resolution soil moisture information
- so1l moisture representative of greater depths

(i.e., root zone)

o Surface Water Ocean Topography (SWOT)
- support hydrologic drought monitoring
water level variations in inland water bodies

o Visible/Infrared Imaging Radiometer Suite
(VIIRS) on NPOESS
- continuity data for vegetation index data
records developed from AVHRR and MODIS




/ Final Thoughts

Benefit of early engagement of decision makers in remote sensing
tool and product development - more rapid adoption of information
into drought monitoring activities

Customization of tools and products for drought has fostered a
broader group of decision makers using the information.

Continued validation of remote sensing products within a
‘drought’ context is still needed. Early feedback is positive, but
more thorough and sustained quantitative validation required.

Operational product support and the availability of long-remote

sensing observations, particularly for research instruments, is an
issue. Key concern: Will these operational drought products and the
necessary remote sensing data inputs be available in the future?

D

—
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Thank you for your attention!

For further information about the USDM or the drought-
related remote sensing projects,
please contact:

Mark Svoboda
msvoboda2@unl.edu
or

Brian Wardlow
bwardlow2@unl.edu

atior VDroughtMltlgation el



